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1 Introduction
Entry on markets with vertical product differentiation can result in either the same or larger market coverage.
Theoretically, the outcome depends on the model’s assumptions about the consumer’s outside option. In most
if not all “real world” markets, however, we can expect increased market coverage following entry that expands
the spectrum of product quality options available to consumers (i.e., if the entrant offers product quality that
is either higher or lower than what has been available thus far). A more interesting empirical question in this
case is evaluating the extent to which the entrant expands market coverage as opposed to cannibalizing on
the incumbents’ customer base. This important and interesting issue received surprisingly little attention in
the economics literature.
The emergence and proliferation of the so-called low-cost air carriers (LCCs) represents a very interesting
case beyond the disruption the new entrants brought into the established airline markets. While one would
struggle to clearly define what a low-cost carrier is, and there is no accepted threshold for the conventional
cost metrics (such as cost per available seat mile) that would help us differentiate between low-cost and
non-low-cost airlines, one thing is clear from the economics point of view. For economists, LCCs represent
an otherwise lower quality product as compared to what has been on offer in the industry prior to these
carriers showing up. Generally speaking, incumbent airlines have offered higher flight frequency and better
in-flight services and other amenities (such as access to airport lounges) as compared to these new entrants.
Rapid development of LCCs has prompted some experts to talk about the threat they are posing for the
incumbent carriers’ competitive position or even survival in the longer term. While LCCs did manage to gain
significant market share; the incumbent legacy carriers are still around some two decades later (in Europe
now, three out of five largest airlines are still legacy carriers, and the new LCC entrants were only able to
claim about one third of the total commercial passenger market). We can therefore suggest that at least
some of the traffic generated by the new entrants represents expansion of the market coverage rather than
cannibalization on the incumbents’ market. Our study is the first one to shed light on these developments
on the airline market, and more generally contribute to the literature on the effects of entry on markets with
vertical product differentiation.
In this study we identify the causal effect of low-cost carrier (LCC) entry on international air passenger
flows. By using multiple identification strategies we either reduce or bypass the endogeneity arising from self
selection due to LCCs’ entry decision, as well as confounding by unobservables. This paper aims to estimate
not only the average treatment effect of LCC entry, but also the differences in treatment effects across
stage lengths and the number of LCCs on the market. We use annual international air passenger traffic
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data in 2010 and 2015, available from Official Airline Guide (OAG), and construct a dataset of directional
airport origin and destination pairs to and from 30 international airports in Northeast and Southeast Asia
countries. We demonstrate, by using difference-in-differences (DID) and propensity score matching coupled
with DID, that LCC entry causes positive change on international air passenger movements. This effect;
however, is moderated as distance between OD pair becomes longer. LCC impact is concave with respect
to the number of LCCs, with two LCCs maximizing the impact. Moreover, the impact of LCC entry net
of increased competition effect on the number of international passengers account for the major part of the
overall impact. That is, LCC replacing the incumbent full-service carriers without changing the market
concentration will greatly increase the air passenger volume. Strikingly, the magnitude of this impact is
constant over the distance.
In addition to contributing to the general literature on entry on markets with vertical product differen-
tiation and expanding the body of work on airline market structure, our study sheds light on the rather
understudied Asian airline industry. Aviation markets in Asia are relatively less liberalized than those in
Europe and North America (O’Connell and Williams, 2005; Zhang et al., 2008; and Hanaoka et al., 2014).
Furthermore, previous studies do not provide clear and universal conclusion about the causal effect of LCC
on passenger volumes. Some papers revealed that LCCs induce positive and significant impact on the number
of passengers or international tourists (Graham and Dennis, 2010; Donzelli, 2010; Chung and Whang, 2011;
Di Giacinto and Migliardi, 2014) while few others found the impact is minimum, not significant or limited to
a fraction of a particular route (UK Civil Aviation, 2006; Zhang and Findlay, 2014).
The rest of the paper is organized in the following way. The next section discusses the concept of low-cost
carriers, and the issue of product differentiation in airline industry more generally. This is followed by the
discussion of our identification strategy, data, and estimation results. The last section of the paper offers
some concluding comments.
2 Airline Markets, Product Differentiation, and Low-Cost Carriers
Many of the theoretical models of competition in the airline industry tend to assume horizontal product
differentiation, typically in the form of brand loyalty (e.g., Brueckner and Flores-Fillol, 2007). These models
typically assume consumer heterogeneity in the form of preference over one of the (usually two) competing
carriers, with the passengers distributed from someone with the highest willingness to pay for traveling with
airline A through a customer indifferent between the two carriers all the way to the passenger most loyal to
airline B. The equilibria in these models, which normally assume cost symmetry, tend to be symmetric in a
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sense that competitors end up sharing the market equally.
Vertical product differentiation on the airline markets can arise from airlines offering either different
frequency of service or different levels of in-flight amenities. Frequency of service is directly related to what
transport economists call the full cost of travel, consisting of the monetary costs (i.e., fare) and the disutility
of schedule delay. Schedule delay arises from the discrepancy between the passenger’s most preferred and
scheduled departure or arrival time. Other things equal, therefore, higher frequency of service reduces both
expected schedule delay (for conventional distributions of the passengers’ preferred departure time) and
the full cost of travel. In-flight and other amenities (availability of departure lounges, in-flight meals, seat
comfort, etc.) represent more conventional product quality measures. Interestingly, these measures of quality
can in practice be related to brand loyalty, as passengers with advanced status in the airlines’ frequent flier
programs can also enjoy a better access to the full range of amenities offered by the carriers.
The so-called low-cost carriers brought this vertical product differentiation into the airline industry. While
there is strictly speaking no accepted threshold of the conventional airline cost measures (such as cost per
available seat mile) that would differentiate between LCCs and non-LCCs; most of the time these carriers
are associated with lower flight frequency and fewer amenities provided to passengers. There are some
notable exceptions to this conventional wisdom, however. For instance, Southwest Airlines (the airline that
is generally considered to have pioneered the LCC trend in the industry) is currently the only US carrier
that allows its passengers to check in two bags for free (most other airlines will charge you even for the first
checked bag, unless you have high status in their frequent flier program). Most of the time, however, the
LCCs do operate flights with lower service frequency and tend to charge for various add-ons (such as on-board
meals and checked luggage). Many airlines in this segment do not offer customer loyalty programs and only
provide point-to-point transportation (as opposed to operating sophisticated but expensive hub-and-spoke
networks).
The U.S. carrier Southwest Airlines is considered the pioneer of the LCC sector. This airline was founded
in Texas in 1967, and was flying only within that state until the 1978 United States Airline Deregulation
Act liberalized the inter-state commercial passenger airline markets (Budd et al., 2014; Detzen, et al., 2012;
ICAO, 2009). The carrier has grown substantially after the airline deregulation, and at some time carried
more passengers on the U.S. domestic market than any other airline. Southwest is currently considered the
world’s largest low-cost carrier, and some of the features of its business model have been adopted by most if
not all the carriers in the low-cost sector (see Boguslaski et al., 2004 for a discussion of this airline’s network
development). These include single aircraft type strategy (Southwest only flies Boeing-737 aircraft in various
configurations); some reliance on secondary airports in the metropolitan area (the practice the LCCs are
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relying progressively less on as they come to an understanding that flying into the areas’ main airports allows
attracting high-yield business traffic); limited in-flight amenities; and carrying predominantly point-to-point
passenger traffic, with connecting passengers largely as a by-product rather than the driver of the network.
Other LCC carriers on the U.S. market include AirTran (this airline merged with Southwest in 2010 and
discontinued its operations in 2014); Frontier Airlines (this carrier largely operates a low-cost hub-and-spoke
network out of its Denver base); Jetblue Airways (this airline commenced operations in 2000, and has been
able to consistently and successfully grow ever since - see Bilotkach, Hueschelrath and Mueller, 2012 for an
analysis of this airline’s network development); and Virgin America (this airline was founded in 2007, and
acquired by Alaska Airlines in 2016 - Alaska’s intention is to integrate the carrier into its network and retire
the Virgin America brand).
The LCC model pioneered by Southwest Airlines has been taken to its extreme by the European LCCs.
The most notable representatives of this rather large group are Ryanair (currently the largest airline on
the European market in terms of total passenger traffic), easyJet (Europe’s fifth largest carrier as of now),
Wizzair (the leading LCC in Eastern Europe) and Norwegian (Europe’s only LCC offering long-haul services).
These airlines unbundled their product offering, charging for most in-flight amenities, checked luggage, and
such things as in-airport check-in and priority boarding; some of them make very extensive use of secondary
airports; and do not offer customer loyalty programs. Generally speaking, we can say that LCCs in Europe
more strictly adhere to the “low-cost” airline model than their American counterparts.
The first low-cost carrier (LCC) in Asia took off in 1991 under the operation of a Viet Nam-based airline
Jetstar Asia Pacific. Despite this late development, number of LCCs in Asia grows rapidly. According to
Centre for Asia Pacific Aviation (CAPA) LCC list, Asia is the home of 64 LCCs as of 22 December 2015,
which is equivalent to 42% of the total number of LCCs operating in the world.
The rapid growth of LCC market during the last quarter of a century in Asia is fascinating since its
aviation market is relatively less liberalized compared to those in North America and Europe (Zhang et al.,
2008). China, for instance, imposes many restrictions to protect its markets from overseas competition, which
surely harms the development of LCC. Among them are airport fuel purchase, airport charges, route entry
and pricing regulation. The monopoly of China Aviation Oil limits the airlines’ ability to save on fuel - which
account for as much as one third of the airlines’ total cost. Since many airports in China are newly built
and feature high-end facilities, they charge relatively high fees to the airlines, hindering LCC development.
Opportunities to utilize secondary airports are few and far between. Moreover, LCC market development in
China is hindered by the fact that busiest routes are protected. The number of carriers on routes is limited
to at most three, giving little space for LCCs to seek new markets. Ticket price floor policy prevents the
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LCCs from offering deeply discounted fares their European and North American counterparts are famous for
to exploit their cost advantage (Zhang et al., 2008). Despite this harmful formal regulation, large increase in
the number of LCC entrants in China eventually occurred in the last two years (Boeing, 2015).
In order to relax the entry and competition restrictions present on the aviation market, some agreements
have been signed by the Asian countries. The ASEAN countries have started opening the Southeast Asia
regional aviation market since 2009 through the Multilateral Agreement on Air Services (MAAS) and Multi-
lateral Agreement on the Full Liberalization of Passenger Air Service (MAFLPAS) signed in 2010 (Hanaoka
et al., 2014). These agreements aim to pursue the Single Aviation Market arrangement, which was initially
targeted to begin in 2015. The initial goal of these agreements is to relax the market protectionism in ASEAN
and principally to give possible new routes among ASEAN capital cities (Tan, 2010).
As some degrees of protectionism still exists in Asia aviation market, private airlines should be able to
take advantage from any opportunity to serve new international routes. One strategy is through joint venture
scheme with local investors in order to create international routes within ASEAN market. Some countries
such as Indonesia, Malaysia, Thailand, Philippines, Singapore and Viet Nam regulate different percentage
of local-foreign owners’ shares holding. Joint venture therefore becomes the most suitable strategy for LCC
to penetrate international routes (Hanaoka, et al., 2014). As a result of this business strategy, there are 25
LCCs home basing in ASEAN countries at the end of 2015.
The relatively conservative aviation regime in Asia seems not to hinder the rapid development of its
aviation industry. The Boeing Current Market Outlook 2015-2034 reveals that Asian airlines are now ordering
14,330 new aircrafts in total, which is double the number of orders in North America and Europe for the same
period. These new airplanes are predominantly single-aisle, mainly destined to serve point-to-point flights.
Increasing number of point-to-point carriers is considered to be a consequence of the growing business of
LCCs (Boeing, 2015).
Moreover, a recent development shows that Asia Pacific region enjoys the most rapid growth of LCC
business. Boeing (2015) records 24.5 percent annual growth of LCC business in Asia Pacific region over the
last decade. This growth rate is higher than in Europe (13.4 percent) and North America (2.2 percent).
Inside the Asia Pacific, Southeast Asia experiences the highest growth followed by Northeast Asia. Among
the Northeast Asian countries, China is the latest to adopt LCC business model due to its restrictive air
transport regulation.
The development of Asian aviation market, especially in the LCC segment, will surely benefit tourism
sector, as international tourism depends heavily on air transport connectivity. According to the United Na-
tions World Tourism Organization (UNWTO) data, Asian tourism has been experiencing a notable increase
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in international tourist arrivals since 2010. At the end of 2014, Asia held 23 per cent share of world inter-
national tourist visits. It is worthy to note that the majority of inbound international tourists in Northeast
and Southeast Asia originate from the Northeast Asian countries. Travel within these two regions is basically
within the short- and medium-haul flight range, typical for the low-cost airlines.
Previous studies of the LCC sector weakly claim causal effects of LCC entry on the change of international
passenger flows or inbound tourists. Graham and Dennis (2010) use descriptive statistics of monthly and
yearly international inbound tourism data to Malta to claim that LCC service partly causes number of tourist
to increase in 2007. A similar strategy is taken by Donzelli (2010), who simply compares the number of tourists
before and after LCC service to affirm positive impact of LCC service on the number of international tourists
in Southern Italy. Chung and Wang (2011) find a strong correlation between LCC entry and tourism demand
on Jeju island. Zhang and Findlay (2014) employ gravity model for city-pair level cross-sectional data of 31
Asian countries plus Australia and New Zealand. Their study, however, failed to show positive and significant
impact of LCC’s existence in boosting passenger traffic and tourist flow. The UK Civil Aviation Authority
(2006) calculates the difference of traffic growth before and after LCC entry by using monthly traffic data of
different routes between London and ten European Union cities. Its finding shows that LCC entry creates
different passenger growth rates on different routes.
3 Identification Strategies
Our analysis will be conducted at the airport-pair-market level. We call this airport pair an origin and
destination pair (or OD in short) hereafter. In our sample, either origin or destination of each OD pair is
one of 30 major international airports in northeast and southeast Asia. Outcome variable is international air
passenger volumes in these OD pairs. We investigate two types of treatment effects on the outcome, namely,
gross and net effects. The gross treatment effect is the overall impact of LCC entry on the international air
passenger flow. The net effect is the impact of LCC entry net of the increased competition effect, or loosely
speaking, the impact of LCC “replacing” the existing full-service carriers. In our analysis, we measure these
treatment effects as the changes in the outcome over the sample period between 2010 and 2015.
Primary treatment variable to measure the gross and net average treatment effects is a dummy for the
presence of an LCC. We then decompose these average treatment effects in two ways. First, we interact the
LCC dummy with the stage lengths of OD pair to see whether the impact dissipates with distance. Second,
we use the number of LCCs as an alternative treatment variable to see how gross and net impacts change as
the number of LCCs increases.
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Simple DID Models
Our difference-in-differences (DID) models estimate the impact of LCC entry either in the form of LCC
dummy or the number of LCC companies along with the year- and OD-fixed effects using our data for two
years (2010 and 2015). Combining these two fixed effects allows us to eliminate omitted variable bias, which
might appear due to unobserved variables that are time-invariant and due to unobserved factors that are
constant across units of observation.
DID measures the average treatment effect as the difference between the changes in the outcome variable
of treatment and control groups over the same period. Our standard DID model is as follows
Yod,t =   (Postt ⇥ Treatod) +  Xod,t +  od + 't + ✏od,t
where Yod,t is the outcome variable, Postt is a treatment-year dummy, Treatod is a treated-group dummy, and
 od and 't are OD and year fixed effects, respectively. Postt equals to 1 if the year is 2015 and 0 otherwise.
Treatod gives OD-pairs with LCC operation in 2015 a value equal to one, while units with no LCC in 2010
and 2015 receive zero. The DID treatment effect estimator is indicated by coefficient  . Variable Xod,t is a
set of control variables that may be included depending on model specification.
DID Coupled with PSM (DID-PSM)
DID assumes a common trend between the treatment and control groups (markets with and without LCC
entry, in our context). This assumption is completely satisfied when the treatment assignment is random.
However, in our case this condition is unlikely to hold, as it is difficult to suppose that LCCs enter into
markets randomly. Therefore, we couple DID with propensity scores of LCC entry as a strategy to reduce
potential bias from non-random assignment as well as confounding from unobserved factors. Propensity score
is used to mitigate the heterogeneity between the ODs in treatment and control groups that arises due to
sample selection.
There are different ways of doing this. We employ propensity-score matching (PSM) and propensity-score
weighting (PSW).1 PSM picks a pair of OD pairs, one of each in treatment and control groups that are
similar in observed characteristics.2 PSM’s advantage over the multi-variate OLS is that it drops from the
sample those observations whose counterfactuals are hardly existent, to achieve the balance between the
1PSW is as known as doubly robust, inverse-probability weighted regression adjustment. See DiNardo et al. (1996) and
Austin (2013) for more discussion.
2Alternatively to the simple one-to-one matching, counterfactuals can be constructed using an appropriate kernel. Unlike
one-to-one matching, kernel matching employs all samples within control group to construct counterfactual outcome. One
disadvantage of this approach is that we might get bad matches for the treated units (Caliendo and Kopeinig, 2005 and Heinrich
et al., 2010), and we do not elaborate our analysis in this direction here.
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treatment and control groups. Here, we match each OD pair in the treatment group one to one with its
nearest-propensity neighbor in the control group.
Unlike the cross-sectional PSM that compares the levels of the outcome variable between the similar OD
pairs in treatment and control groups, DID coupled with PSM (DID-PSM in short) compares the changes
over time between them.3 PSM-DID estimator is in general expressed as follows (see Khandker et al., 2010):
ATT =
1
NT
"X
od✏T
 
Y Tod,2015   Y Tod,2010
   X
od✏C
!od
 
Y Cod,2015   Y Cod,2010
 #
where ATT is the average treatment effect on the treated, NT is the number of sample in treated group, T
and C are the sets of OD pairs in treatment and control groups respectively, Y Tod,t and Y Cod,t are the outcome
at time t for OD pairs in treatment and controlled groups respectively, and !od is a weight attached to each
OD pair in the control group. In our case, !od takes the value of either zero or one.
Propensity-Score Weighted DID (PSW-DID)
The cost of this one-to-one matching approach is that we have to sacrifice a number of observations in the
control group, which notably decreases our sample size; and that we can only observe the average treatment
effect on the treated. Another way of incorporating treatment propensity is by propensity score weighting
(PSW).4 Probability of LCC entry for each OD pair is first obtained by, for instance, logit estimation as in the
current paper, conditional on the exogenous variables that are supposed to be confounding with treatment
status and outcome, just as in the case of PSM. Inverse of such probability is then used as a weight in the
DID to achieve the balance in covariates between treatment and control groups conditional on the propensity
score. This allows us to identify the treatment effect as well as its interaction with relevant OD characteristics
such as distance. We label this approach PSW-DID. By incorporating the OD- and year-fixed effects, our
PSW-DID can ignore those idiosyncratic differences across OD pairs that are not changing over time, as well
as macro shocks that are specific to each year.
HHI-Controlled DID Models
As mentioned above, LCC entry has two effects to the market. While LCC entry brings opportunities of
flying to new users who may have different tastes from FSC users, it also brings in new competition, and can
result in the entrant cannibalizing on the incumbent airlines’ market share. Since their control is no LCC
3Heckman et al. (1997) and Smith and Todd (2005) argue the advantage of DID-PSM over simple PSM.
4See for example, Lunceford and Davidian (2004) and Brunell and DiNardo (2004) for the detailed discussion of the reweighting
methods.
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entry, above analyses measure the gross impact of LCC entry including both of these two effects. Therefore,
we next measure the net impact –the LCC impact net of increased competition effect– only. That is, we
change our context slightly here by letting our treatment to be LCC taking place of FSC to measure the
market impact of LCC relative to that of FSC, while letting control group be those OD pairs where FSC are
remaining in the market. Level of competition not only depends on the number of airlines, but also on their
market shares. We therefore compute Herfindahl-Hirschman Index (HHI) and add to the DID and PSW-DID
models as an additional control and an interaction term with LCC entry for this purpose.
Natural Experimental Design using Discontinuity at the Maximum Flight Range
One major limitation of the above identification strategies based on DID and propensity scores is that we
cannot completely list all the confounders. Rosenbaum and Rubin (1983) showed that if the true propensity
that incorporates all the information about selection were known, propensity-score matching could achieve
optimal efficiency and consistency. However, in practice the propensity must be estimated only on observables,
so the estimator will be both biased and inconsistent. Over the last decades, aviation markets to and from
Asia are not only growing, but their environment is dynamically changing; new airports started operation,
and a number of air service agreements were revised. These events are confounding with LCC entry decisions
and air passenger movements, and the above approaches may suffer from potential bias due to self-selection
and confounding by unobservables. We thus turn to an estimation of the LCC impact based on an natural
experimental design by regression discontinuity.
LCCs tend to use single-aisle aircraft, in particular, Airbus 320 series or Boeing 737s. These aircraft have
shorter range than other larger aircraft that FSCs may use. Basic aircraft design of A320 or B737 dates back
before the emergence of LCCs, and the maximum flight range of these aircraft technologically sets the upper
limit to the distance of the market that LCC can typically enter. Our regression discontinuity design (RDD)
therefore has a running variable being direct OD distance, and the cutoff being the maximum operational
flight range of the aircraft typically used by LCCs.
The maximum operational flight range, however, depends on the aircraft type. Moreover, variations of
B737s have considerably different maximum flight ranges. Fortunately, majority of LCCs’ flights in Asia are
operated by A320. Figure 1 shows the share of aircraft types used by LCCs in OAG’s schedule data, to and
from the 30 airports in our focus. As we can see, majority of LCC flights are operated by A320. We therefore
employ the maximum operational flight range of A320 as the cutoff in our RDD analysis. The maximum
design range of A320 is 6,100 km; however, operational range is much shorter for the possibility of diverting
to an alternative airport due to bad weather or other emergencies. It also depends on various other factors,
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Notes: The above chart is constructed from 44,819 direct flights to or from 30 airports in our sample, operated by
LCCs recorded in OAG Schedule data 2015.
Figure 1: Aircraft types used for flights operated by LCCs
e.g., operations from airports at higher altitude require reduced take-off weight. We ask this very practical
question to our data. OAG Schedule data listing operator and aircraft type used at the flight-number level
reveal that, among the 44,819 direct LCC flights to and from the 30 airports in our focus, the maximum
distance flown by A320 is 4,171 km.5 We thus use this value as a cutoff. Since there are LCCs that use other
types of aircraft as well, the cutoff is not sharp. We hence conduct fuzzy RDD with LCC entry dummy and
the number of LCCs as treatment.
4 Data
Our dataset includes all the OD pairs that has either of the 30 major Asian airports as their origin or
destination, provided such an airport-pair was served with commercial passenger flights (direct or connecting)
in either 2010 or 2015. Our airports of interest are located in Japan, China, Korea, and other Southeast Asia
countries. These airports are Bangkok Suvarnabhumi (BKK), Guangzhou (CAN), Cengkareng (CGK), Jeju
(CJU), Chongqing (CKG), Sapporo (CTS), Chengdu (CTU), Bangkok Don Mueang (DMK), Fukuoka (FUK),
Hangzou (HGH), Hong Kong (HKG), Phuket (HKT), Haneda (HND), Incheon (ICN), Osaka Itami (ITM),
Osaka Kansai (KIX), Kunming (KMG), Kuala Lumpur (KUL), Manila (MNL), Narita (NRT), Okinawa
(OKA), Beijing (PEK), Busan (PUS), Shanghai Pudong (PVG), Shanghai Hongqiao (SHA), Singapore (SIN),
Shenzen (SZX), Taipei (TPE), Xi’an (XIY) and Xiamen (XMN).
Primary source of our data is OAG Traffic data. It is available since 2010 and provides the number
of international revenue passengers for a directional pair of airports, as recorded in reservation systems by
5OAG Schedule data are separately available from OAG Traffic data that we use for estimation. The maximum distance of
A320 flown by FSCs is different and a bit longer possibly due to different aircraft configuration, which implies that this cut off
is applicable to LCCs only.
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the airlines. The number includes both direct and connecting passengers whose itinerary is under a single
reservation. Since OAG Traffic data is booking-based, no-show passengers are not included; however, this
number is negligibly small for international routes. Notably, there was no presence of low-cost airlines on
either of our markets of interest in 2010.
We obtain data for two years - 2010 and 2015. There are two different groups of sample in our data; (i)
OD pairs which were not served by LCC in 2010 and 2015, and (ii) OD pairs without any LCCs in 2010, which
gained LCC service in 2015. Groups (i) and (ii) comprise the control and treatment groups, respectively.
Our dataset is a balanced panel, with the numbers of passengers and airlines being zero for those OD pairs
without any airlines serving in either year. That is, an OD pair that had non-stop commercial passenger
service in 2010 and lost it by 2015 will receive zeros for year 2015 in our dataset. The same applies to the
opposite case of an OD pair that was not served by any airline in 2010, but gained non-stop service by
2015. Balance in panel dataset enables us to use the OD fixed effects to remove the effects of time-invariant
confounders.
OAG Traffic data also provides the list of LCCs and full-service carriers (FSCs) operating in each OD
pair. We follow the classification of LCCs provided by OAG. The list of low-cost carriers is provided in the
appendix. Our treatment variables are LCC dummy and the number of LCCs. LCC dummy is equal to 1 if
any LCC served the OD pair in 2015, and is zero otherwise. The number of LCCs and the number of FSCs
operating in each OD pair are obtained from OAG Traffic data for both years as well.
Other covariates included in our dataset are OD distances and GDP per capita in the countries of origin
and destination airports. The former is obtained from OAG Traffic data, and the latter is from International
Monetary Fund World Economic Outlook and is measured in current US Dollars. HHI is computed by
summing the squared market shares of each airline for each OD pair in both 2010 and 2015. Market share
is defined as proportion of total international air passengers carried by an airline to total international air
passengers carried by all airlines serving the same OD pair in the same year.
Our dataset for DID models consists of 61,574 directional OD pairs. It contains 3,425 OD pairs in the
treatment group and 58,149 OD pairs in the control group for each year. That is, treated group consists
of 6,850 observations and control group is of 116,298 observations, and the total observation is 123,148 for
two years. Each of these is either originating from or destined to one of those 30 international airports
mentioned in the previous section, allowing intermediate connections as long as the trip is under the same
single reservation. Table 1 tabulates the sample size by OD types and year, and Table 2 summarizes the
data. As can be seen, the average direct OD pair distance is 8,743 km. Average numbers of passengers
and airlines are computed out of those ODs served by at least one airline. The number of ODs with flight
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Table 1: Sample size by type of OD pairs and by year
Type of ODs 2010 2015 Total
 ODs with both FSC and LCCs 0 3,324 3,324
 ODs with FSCs only 31,322 55,853 87,175
 ODs with LCCs only 0 101 101
 ODs without LCC nor FSC 30,252 2,296 32,548
Total 61,574 61,574 123,148
Notes:  Data source is OAG Traffic Data, 2010 and 2015.
Year
Table 2: Key characteristics of airport OD pairs.
N. of obs. Average Min. Max.
Distance 61,574 8,743.99 18.97 19,908.38
(4,157.14)
ODs with LCC service 3,425 4,451.35 38.27 17,687.57
(2998.53)
Values in 2010
Number of passengers 31,322 2,863.92 1 1,882,706
(23,704.42)
Number of airlines 31,322 3.850 1 47
(4.069)
HHI 28,190 0.712 0.079 1.000
(0.277)
Values in 2015
Number of passengers 59,278 2,576.98 0 2,500,499
(23,543.43)
Number of airlines 59,278 5.136 1 49
(5.023)
Number of LCC passengers 3,425 2,801.70 0 275,850
(15,311.11)
HHI 28,190 0.545 0.065 1.000
(0.264)
Notes:  Standard errors are in parentheses. Data source is OAG Traffic Data, 2010 and 2015.
Number of passengers and number of airlines are of those ODs with positive number of airlines
serving. Number of LCC passengers are of those ODs with LCC service only. HHI stands for
Herfindahl-Hirschman Index. HHI is computed for ODs with positive number of passengers for
both years only.
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Notes: Lines in the figure are Epanechnikov-kernel-weighted local polynomial smoothing with bandwidth of 250 km.
Grey shaded area indicates 95% confidence interval.
Figure 2: Passengers on direct flights by distance, with and without FSC
connections have increased greatly from 31,322 to 59,278 between 2010 and 2015. While average number of
airlines increased during the period, the number of passengers per each OD pair has decreased.
While we use the above set of data for DID models measuring the gross impact of LCC entry, for the
measurement of the net impact of LCC entry we use a subsample consisted of those ODs served by at least one
airline carrying strictly positive number of passengers for both years. For the measurement of the treatment
effect net of competition effect, we add HHI as additional control to DID and PSW-DID models. Because HHI
is not defined when the number of passengers is zero, this analysis uses a subsample consisted of those ODs
with positive number of passengers. There are 28,190 OD pairs that have positive number of passengers for
both years, which consists our dataset of 56,380 observations for the DID models with HHI being controlled.
HHI went down from 0.712 to 0.545 between 2010 and 2015, implying decreased concentration and potentially
increased competition on an average market.
We take natural log of the number of passengers to construct our outcome variable in all models.6
Data for RDD
OAG Traffic data reports the number of passengers of each OD pair by airlines and routing. There are 6,145
OD pairs served to or from the 30 airports in our sample, of which 862 are by LCCs. Panel (a) of Figure
2 shows the number of direct passengers of all ODs (below 10,000 km stage length) over the distance, while
Panel (b) shows that of those ODs served only by LCCs with stage lengths below the cut-off distance of 4,171
km. The figure shows that ODs without FSCs carry less number of passengers. Those ODs without FSCs are
truncated in our DID data should there be no LCCs, which is typically the case beyond the 4171 km cutoff.
Due to the truncation, applying RDD to the DID data above yields a biased result; i.e., without such ODs
6We add one to all units before taking log to retain those observations with zero passengers in the sample.
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being present in the sample beyond the cutoff, the total number of direct passengers seemingly increases on
the right side of the cutoff. It is misleading to conclude from here that LCC discourages passenger movements.
To get around this issue, we construct a new dataset for RDD analysis, consisting of international OD
pairs to and from those 30 airports in year 2015, keeping all OD pairs including those without any passenger
flow. There are 706 such OD pairs, of which 471 have direct flights and 206 are by LCCs. Average distance
is 2,534 km with standard deviation being 1,332 km and the maximum distance is 6,493 km.
In our RDD analysis a running variable is direct flight distance and the cutoff is the maximum flight
range at 4,171 km among all 44,819 flights to or from 30 airports in our focus, operated by LCCs recorded in OAG
Schedule data in 2015. Treatment is the presence of direct LCC service as a binary variable or the number of
direct LCCs. Outcome variables are the number of direct passengers and the number of the total passengers
including those who are connecting.7
5 Results
5.1 Simple DID Results
Average Treatment effect and Treatment effect with respect to Distance
We start by presenting the results of simple DID models interacted with distance here. Columns (1) through
(3) in Table 3 shows that the average treatment effect of LCC entry as well as treatment effect by distance.
As shown in columns (2) and (3) the gross impact is strongly decreasing over the OD distance with slight
convexity, thus resulting in insignificant result in column (1) that is an average over the distance. Panel (a)
of Figure 3 plots the LCC entry impact by distance. It is larger at shorter distance and it rapidly decays as
distance gets longer. The effect is positive up to distance slightly below 3,000 km, and, it becomes negative
beyond that point.8
Now we turn to the estimation results of LCC impact net of competition effect. Columns (4) through
(7) present the impact of LCC entry and its interaction terms with distance and HHI, while controlling for
HHI. Among them, Column (4) gives the average treatment effect, while (5) and (6) decompose it in terms
of distance. In addition, Column (7) adds the interaction term of LCC entry dummy with HHI. As shown in
Column (4), average treatment effect is positive and significant at 1%, suggesting about 23% overall increase
in international air passenger volume as LCC “replaces” FSC.
7Again we take the natural log of these values after adding one to all unites.
8This result essentially remains the same when the higher order polynomial specification –say fourth order– is employed with
respect to the distance.
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Table 3: DID results for LCC entry and LCC replacement of FSC
Treatment LCC entry
Model (1) (2) (3) (4) (5) (6) (7)
DID DID DID DID DID DID DID
LCC dummy 0.0863 0.794*** 0.850*** 0.225*** 0.414*** 0.415*** -0.311** 
(0.0722) (0.223) (0.224) (0.035) (0.111) (0.086) (0.095)
LCC dummy*distance -0.275*** -0.311*** -0.0729** -0.0764* -0.0718*
(0.069) (0.070) (0.0393) (0.0398) (0.0390)
LCC dummy*distance
2
0.0179*** 0.0207*** 0.00482 0.00513* 0.00692**
(0.0050) (0.0050) (0.00297) (0.00300) (0.00295)
LCC dummy*HHI 1.387***
(0.169)
HHI No No No Yes Yes Yes Yes
Other covariates No No Yes No No Yes Yes
N 123,148 123,148 123,148 56,380 56,380 56,380 56,380
Adj. R-sq. 0.417 0.418 0.420 0.271 0.271 0.271 0.275
LCC replacement of FSC
Notes:  Clustered standard errors for undirectional OD pairs are in parentheses. Dependent variable is log of total
numbrer of passengers after adding one to all units. Distance is measured in 1,000 km. All models include OD- and
year-fixed effects. HHI stands for Herfindahl-Hirschman index. Models including HHI use subsample consisted of
OD pairs with positive number of passengers for both years. Other covariates are GDP per capita in countries of
origin and destination. Significance levels are * for  p<0.10, ** for p<0.05, and *** for p<0.01.
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Notes: Panel (a) shows the LCC entry impact and Panel (b) shows the impact of LCC entry by controlling HHI,
on log of passenger volume by distance, based on the estimates from the full model containing covariates given in
Columns (3) and (7) of Table 5. For Panel (b) average value of 0.545 for HHI is used to compute the treatment effects
at each distance. Number of observations is 123,148 for Panel (a) and 56,380 for Panel (b). Dotted lines delineate
95% confidence intervals.
Figure 3: Treatment effects by distance, measured via DID
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Table 4: DID results of treatment effects with respect to the number of LCCs
Treatment LCC entry LCC replacement of FSC
Model (8) (9) (10) (11) (12) (13)
DID DID DID DID DID DID
Number of LCCs 0.0380 0.142* 0.124* 0.0898*** 0.247*** 0.243*** 
(0.0477) (0.0731) (0.074) (0.0198) (0.0350) (0.0362)
Number of LCCs squrared -0.0352** -0.0338** -0.0508*** -0.0504*** 
(0.0141) (0.0143) (0.00701) (0.00709)
HHI No No No Yes Yes Yes
Other covariates No No Yes No No Yes
N 123,148 123,148 123,148 56,380 56,380 56,380
Adj. R-sq. 0.417 0.417 0.419 0.270 0.271 0.271
Notes: Clustered standard errors for undirectional OD pairs are in parentheses. Dependent variable is log of total numbrer
of passengers after adding one to all units. Distance is measured in 1,000 km. All models include OD- and year-fixed
effects. HHI stands for Herfindahl-Hirschman index. Models including HHI use subsample consisted of OD pairs with
positive number of passengers for both years. Other covariates are GDP per capita in countries of origin and destination.
Significance levels are * for  p<0.10, ** for p<0.05, and *** for p<0.01.
Columns (5) through (7) show that the impact is again smaller for longer distance with slight convexity.
However, the slope is much less negative with respect to distance. Panel (b) in Figure 3 shows this LCC
impact net of competition effect over the distance based on the estimates in Column (7) of Table 3. It is only
slightly decreasing and convex, though they are both significant at 10% and 5% respectively. The treatment
effect is strictly positive for a range of distances. For a shorter distance up to 1500 km the gross effect in
Panel (a) is larger than the net effect in Panel (b).
Interaction term of LCC entry with HHI is positive and significant. LCC impact is greatly augmented
when the market is oligopolistic. Given that the average of HHI is about 0.545 in 2015, the average treatment
effect at zero distance is 0.44, which is just as much as those values in Columns (5) and (6).
Treatment effect with respect to the number of LCCs
Table 4 presents the DID estimate of the treatment effects of LCCs with respect to their numbers. Columns
(8), (9) and (10) give the results of gross effect, and (11), (12) and (13) give that of the net effect. Linear
effect of the number of LCCs in Columns (8) through (10) is either insignificant or marginally significant,
while second-order terms are negative and significant at 5% level, indicating concavity of the gross effect of
LCC entry with respect to their number. All models for the net effect are significant at 1%.9 This suggests
9The linear effect in the net effect model in Column (11) becomes negative when the average HHI value of 0.502 for the ODs
with at least one LCCs in year 2015 is substituted in the estimated regression equation.
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effects. For the net effect of LCC entry in panel (b), the average value of HHI among those ODs with LCC(s) in 2015,
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Figure 4: Treatment effect with respect to the number of LCCs
that the net effect is concave in the number of LCC as well.
Figure 4 depicts the estimated treatment effects with respect to the number of LCCs based on the full
models in Column (10) and (13), and it indeed shows that the impact is highly concave for both gross and net
impacts. For both models with and without control for HHI, the effect is estimated to be strongly concave,
and the maximum is attained when the number of LCCs is either one or two. This may be due to the fact
that the air transport services provided by LCCs are only imperfectly substitutable to FSCs’ services, and
hence too many LCCs replacing FSCs will crowd out the business travelers, thus the impact becomes smaller.
However, both the gross and net effects of LCC entry is insignificant for the cases of up to four LCCs.
These results obtained by simple DID estimation, however, may suffer from the bias arising from self-
selection and confounding. By focusing on gross and net effects of LCC entry and its interaction with distance
and market concentration, we relax this limitation in the next sections.
5.2 DID-PSM and PSW-DID Results
In this section we present the results of the models that use propensity of LCC entry, namely, DID-PSM and
PSW-DID. Table 5 shows the first stage logit estimation of LCC entry on distance and GDP per capita in
countries of origin and destination in 2015. Primary goal of the first-stage logit is not a good fit but rather
achieving the balance between the treatment and control. As mentioned earlier, we match each OD pair in
the treatment group one to one with its nearest neighbor in the control group.
Table 6 shows the balancing between these two groups regarding the independent variables. By conducting
this matching, we successfully reduced the standardized differences between the treatment and control groups
of the independent variables, and they are sufficiently close to zero. Density plot of treated and controlled
18
Table 5: Results of first-stage logit estimation of LCC entry
Dependent variable LCC entry
Model (14)
Logit
Distance per 1,000 km -0.336***
(0.0061)
GDP per capita in the country of origin 0.00576***
(0.00101)
GDP per capita in the country of destination 0.00516***
(0.00101)
Constant -0.873***
(0.038)
N 61,574
Pseudo R-sq. 0.163
Notes:  Standard errors are in parentheses. Per capita GDP is measured in current USD.
All independent variables are measured in the base year of 2010. Significance levels
are * for  p<0.10, ** for p<0.05, and *** for p<0.01.
Table 6: Balancing between treatment and control groups over independent variables
Independent variable Unmatched Matched Unmatched Matched
Distance per 1,000 km -1.2702 0.0064 0.5409 0.9639
GDP per capita in the country of origin -0.1713 0.0152 0.9927 1.1113
GDP per capita in the country of destination -0.1961 0.0487 0.9668 1.1240
Standardized differences Variance ratio
Notes: All variables are from year 2010 except distance.
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Figure 5: Density plot of OD pairs in treatment and control groups over distance, before and after matching
units before and after the matching in Figure 5 shows that treatment and control groups are quite similar
with respect to their density over OD distance after the matching.
Table 7 shows the results of DID-PSM along with PSW-DID.10 As shown in Columns (15) and (16),
both DID-PSM and PSW-DID show that the average treatment effect of LCC entry is positive with 1%
significance. The estimated coefficients are sufficiently close and are 45% and 44% respectively. The average
treatment effect of LCC net of competition effect is certainly smaller than these estimates of the gross effect,
and is 37% as shown in Column (19). That is, net effect is around 80% of the gross effect according to the
simple comparison of average treatment effects. These numbers indicate that the impact of LCC entry net
of competition effect accounts for a great majority of the gross treatment effect, or in other words, it is the
LCC entry, not the FSC entry that greatly increases international air passenger movements in Asia.
Figure 6 presents the treatment effect by distance measured via the full model of PSW-DID. Panel (a)
corresponds to Column (18) without HHI and Panel (b) does to Column (22) with HHI controlled and
interacted with LCC entry. Estimated coefficient at each location shows that LCC impact is positive up to
the effective range of LCCs for both cases. Estimated coefficients at different distances also tell that, while
the gross effect is decreasing in distance, the net effect is rather flat and smaller than gross effect up to 3,000
km. For example, at 2,000 km distance, gross treatment effect of LCC entry is measured as 0.71, while the
impact of LCC replacing FSC holding the HHI constant is 0.41. At the distance of 3,000 km, these figures
are 0.46 and 0.41 respectively.
10See Abadie and Imbens (2016) for Abadie-Imbens robust standard errors. For PSW-DID models we drop those observations
that have propensity scores higher than 95% or smaller than 5%.
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Table 7: Results of DID-PSM and PSW-DID models.
Treatment
Model (15) (16) (17) (18) (19) (20) (21) (22)
DID-PSM PSW-DID PSW-DID PSW-DID PSW-DID PSW-DID PSW-DID PSW-DID
LCC dummy 0.454*** 0.441*** 1.531*** 1.481*** 0.374*** 0.468*** 0.430*** -0.0553
[0.055]  (0.0725) (0.324) (0.320) (0.0393) (0.160) (0.158) (0.184)
LCC dummy*distance -0.482*** -0.470*** -0.0491 -0.0398 -0.0186
(0.154) (0.152) (0.0855) (0.0850) (0.0858)
LCC dummy*distance
2
0.0425** 0.0435** 0.00531 0.00688 0.00492
(0.0175) (0.0174) (0.0104) (0.0103) (0.0105)
LCC dummy*HHI 0.881***
(0.182)
HHI No No No No Yes Yes Yes Yes
Other covariates No No No Yes No No Yes Yes
N 6,850 37,950 37,950 37,950 20,424 20,424 20,424 20,424
LCC entry
Notes:  Abadie-Imbens robust standard error is in square brackets. The number of observations for DID-PSM before matching is
123,148 for two years. Clustered standard errors for undirectional OD pairs are in parentheses. Dependent variable is log of
total numbrer of passengers after adding one to all units. First stage is by logit of LCC entry on distance and GDP per capita in
countries of origin and destination for all models. Distance is measured in 1,000 km. For PSW-DID models we drop those
observations that have propensity scores higher than 95% or smaller than 5%. All models except DID-PSM include OD- and
year-fixed effects. HHI stands for Herfindahl-Hirschman index. Models including HHI use subsample consisted of OD pairs
with positive number of passengers for both years. Other covariates are GDP per capita in countries of origin and destination.
Significance levels are * for  p<0.10, ** for p<0.05, and *** for p<0.01.
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Notes: Panel (a) shows the LCC entry impact and Panel (b) shows the impact of LCC entry by controlling HHI,
on log of passenger volume by distance. Treatment effects are computed by using the estimates of the models with
covariates in Columns (18) and (22) of Table 7. For Panel (b) average value of 0.545 for HHI is used to compute the
treatment effects. Number of observations is 123,148 for Panel (a) and 56,380 for Panel (b). Dotted lines delineate
95% confidence intervals.
Figure 6: Treatment effects by distance, measured via PSW-DID
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Table 8: LATE of LCC entry and the number of LCCs on the passenger volume via fuzzy RDD
Outcome variable
(23) (24) (25) (26)
Model RDD RDD RDD RDD
Treatment LCC dummy No. of  LCCs LCC dummy No. of  LCCs
Structural estimation 22.676** 23.968* 22.841* 24.119*
(10.345) (11.616) (10.513) (11.772)
First-stage estimation -0.5112* -0.4836* -0.5111* -0.4840*
(0.3172) (0.3193) (0.3172) (0.3194)
N. of obs. 706 706 706 706
Total passengers
Notes:  Standard errors are in parentheses. Outcome variables are log of passenger volume after adding one to all units.
Running variable is log of distance and the cut off is 8.336 or natural log of 4,171 km. Sample consists of international
OD pairs to and from the above-listed 30 airports in Asia in 2015. Local polynomial order is one while the order of
local polynomial for bias correction is two. Significance levels are * for  p<0.10, ** for p<0.05, and *** for p<0.01
based on robust bias-corrected confidence intervals.
Direct passengers
5.3 LATE of LCC Impact via RDD at the Maximum Flight Range
Table 8 presents the local average treatment effect (LATE) of LCC entry as binary treatment and that of
the number of LCCs as another treatment, in the neighborhood of the cutoff at 4,171 km measured via
RDD. Columns (23) and (24) show such effects on the number of direct passengers in its natural log, and
Columns (25) and (26) show that on the number of total passengers in its natural log respectively. The result
in Column (23) show that the impact of LCC entry on the direct passenger volume is significantly positive.
Results in all other columns weakly show the positive impact of LCC entry or increase in the number of LCCs
on both direct and total passenger volume. Weakly estimated first-stage regression makes the magnitude of
the impact rather unreliable; however, these values are similar in all models, indicating the consistency of
the result. Besides, these results show robustness of our findings obtained via a series of DID models in the
previous sections.11
6 Concluding Remarks
This paper identified the causal effect of low-cost carrier (LCC) entry on international air passenger flows to
and from 30 major airports in Northeast and Southeast Asia. It constructed a dataset of annual international
air passengers’ traffic for directional airport origin and destination pairs in 2010 and 2015. In order to reduce
the endogeneity arising from self selection of LCCs’ entry decision as well as confounding by unobservables,
11RDD-DID can possibly resolve this issue of weak identification, which is left for a future work.
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the paper utilized multiple identification strategies, namely, difference-in-differences (DID), propensity score
matching coupled with DID, DID with inverse-probability weighted regression adjustment, and RDD. The
results consistently show that LCC impact on international air passenger traffic is strictly positive, and that
this impact is larger for short-distance routes and decreasing in distance with slight convexity. This is due
to that the LCC product’s attractiveness is generally a decreasing function of flight duration. It is one thing
to endure a crammed seat with limited services and no in-flight entertainment. Also, cost advantages LCC
has dissipate with distance as well. LCC can cut on costs on the ground by using cheaper airports with
no amenities, quick turn-around etc., but it cannot cut on air transport control and fuel cost, which are
becoming a larger share of the total for longer flights.
The paper found also that the impact is concave with respect to the number of LCCs, with two LCCs
maximizing the impact. Having more than two LCC companies does not necessarily increase the number
of international air passengers as it can crowd out the passengers carried by FSCs. Another finding is that
the impact of LCC entry net of competition effect account for the major part of the overall impact, and is
constant across an effective range of LCC services.
Services provided by LCC and FSC are only imperfectly substitutive. While the gross effect of LCC
entry on passenger flow may well be positive due to the increased competition effect, product differentiation
mentioned above implies that the net effect of LCC replacing FSC is a-priori ambiguous. The paper answers
this important empirical question of whether LCCs create a new market or compete with the incumbents;
the impact of LCC entry net of competition effect is strictly positive and account for the major part of the
overall impact. The net effect is constant across an effective range of LCC services, unlike the gross effect
that is dissipating over the longer distance. The paper also utilized a natural experimental design via RDD
with the maximum flight range of an aircraft typically used by LCCs as the cutoff to show the robustness of
these findings.
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Appendix: List of LCCs
Table 9: List of LCCs
Name Country IATA ICAO Name Country IATA ICAO
1time South Africa T6 RNX Eagle Atlantic Airlines Ghana E2 EAB
1time South Africa RNX Eastar Jet Korea, Republic of ZE ESR
9 Air China AQ JYH Easyjet United Kingdom U2 EZY
Air Arabia United Arab Emirates G9 ABY easyJet Switzerland SA Switzerland DS EZS
Air Arabia Egypt Egypt E5 RBG Eurowings Germany EW EWG
Air Arabia Maroc Morocco 3O MAC Falcon Express United Arab Emirates FC VVC
Air Busan Korea, Republic of BX ABL Fastjet Airlines Tanzania, United Republic of FN FTZ
Air Finland Finland OF FIF Fastjet Tanzania Ltd Tanzania, United Republic of FN FTZ
Air India Express India IX AXB Firefly Malaysia FY FFM
Air Leisure Egypt AL ALD First Choice Airways United Kingdom DP
Air Mali Mali I5 Five Forty Aviation Kenya 5H FFV
Air One Italy AP ADH Fly 540 Ghana Ghana 5G
Air Pegasus Pvt. Ltd. India OP PPL Fly540 S.A Angola F5
Air Vallee Italy DO flyafrica - Zimbabwe Zimbabwe Z7 FZW
AirAsia Malaysia AK AXM Flydamas Airline Syrian Arab Republic 4J FDK
AirAsia India India I5 IAD Flydubai United Arab Emirates FZ FDB
AirAsia Japan Co., Ltd. Japan JW Flynas - National Air Services Saudi Arabia XY KNE
AirAsia Philippines Philippines PQ APG Flysmaland Sweden 2Q3
Airasia X Malaysia D7 XAX Flyvista Georgia GT AJD
AirDo Japan HD ADO Fresh Air South Africa Z7 FZW
Airlines Of Kuban Russian Federation GW Frontier Airlines Inc. USA F9 FFT
AirMax Cargo S.A Peru M8 GB Airways   Gibraltar GT AJD
Airphil Express Philippines 2P GAP germanwings Germany 4U GWI
Airport Exp   USA UA1 Go Air India G8 GOW
Airtran Airways USA FL TRS Golden Myanmar Airlines Myanmar Y5 GMR
Alas Uruguay Uruguay YZ ALY Gotlandsflyg Sweden DC1
Allegiant Air LLC USA G4 AAY Great Wall Airlines China IJ
Alpine Air Private Ltd. Nepal N6 NMD Helvetic Airways Switzerland 2L OAW
ANA & JP Express Japan 9N HK Express Hong Kong, China UO HKE
Anadolujet Turkey TK1 Hokkaido International Airlines Japan HD ADO
AtlasGlobal Turkey KK KKK Hong Kong Express Airways Hong Kong, China UO HKE
Atlasjet Airlines Turkey KK KKK HOP! France A5 HOP
Azul Airlines Brazil AD AZU Iberia Express Spain I2 IBS
Belle Air Albania LZ LBY Iceland Express Iceland 5W1
Benin Golf Air Benin A8 Iceland Express   Iceland 5W1
Blekingeflyg Sweden 2Q1 IndiGo Air India 6E IGO
Blue Air Romania 0B BMS Indonesia AirAsia Indonesia QZ AWQ
bmibaby United Kingdom WW WOW Indonesia Airasia X Indonesia XT IDX
Business Aviation Centre Ukraine UQ CUH Interjet Mexico 4O AIJ
Cargolux Italia S.p.A. Italy C8 CRA InvestAvia Kazakhstan IN
Cebu Pacific Air Philippines 5J CEB Jamaica Air Shuttle Jamaica J6 OPS
Changan Airlines China 9H XIY Jambojet Kenya JX
Charter Air Transport USA VC SRY Jazeera Airways Kuwait J9 JZR
China United Airlines China KN CUA Jeju Airlines Korea, Republic of 7C JJA
China West Air China PN CHB Jet Lite India S2 SHD
Cirrus Airlines Germany C9 SWZ Jet2.com United Kingdom LS EXS
Citilink Indonesia Indonesia QG CTV JetBlue Airways Corporation USA B6 JBU
Citywing United Kingdom V9 JetKonnect India S2 JLL
Corendon DUTCH Airlines Netherlands CND Jetstar Airways Australia JQ JST
CRONOSAIR Equatorial Guinea C8 CRA Jetstar Asia Singapore 3K JSA
Divi Divi Air Curacao DVR Jetstar Japan Japan GK JJP
Djibouti Airlines Djibouti D8 IBK Jetstar Pacific Airlines Viet Nam BL PIC
Dutch Antilles Express Curacao 9H XIY Jett8 Airlines Cargo Singapore JX
Code Code
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Table 10: List of LCCs (continued)
Name Country IATA ICAO Name Country IATA ICAO
Jin Air Korea, Republic of LJ JNA SpiceJet India SG SEJ
Jordan Aviation Jordan R5 JAV Spirit Airlines USA NK NKS
Kabo Air Nigeria N9 QNK Spring Airlines China 9C CQH
Kalmarflyg Sweden 2Q4 Spring Airlines Japan Japan IJ SJO
Kampuchea Airlines Cambodia E2 Sterling Denmark SNB
Kingfisher Airlines India IT TTW Stobart Air Ireland, Republic of RE STK
Kullaflyg Sweden DC2 Strategic Airlines Pty Ltd Australia VC
Kulula   South Africa MN1 Sun Country Airlines USA SY SCX
LanExpress Chile LU LXP Sundsvallsflyg Sweden 2Q2
Lion Air Indonesia JT LNI SunExpress Turkey XQ SXS
Lucky Air Co. Ltd. China 8L LKE SunExpress Deutschland Germany XG SXD
Malindo Airways Malaysia OD MXD T'way Air Korea, Republic of TW TWB
Mandala Airlines Indonesia RI MDL Ted   USA UA1
Mango South Africa JE MNO Thai Air Asia X Thailand XJ TAX
MapJet Austria AQ Thai AirAsia Thailand FD AIQ
Mesaba Airlines USA XJ Thai Lion Air Thailand SL LTM
Mihin Lanka Sri Lanka MJ MLR Thai Vietjet Thailand TVJ
Monarch Airlines United Kingdom ZB Thai Vietjet Air Thailand VZ TVJ
NAM Air Indonesia IN Thomson Airways United Kingdom TOM
Namibia Flyafrica South Africa N6 NMD Tiger Airways Singapore TR TGW
NAS AIR - National Air Services Saudi Arabia XY KNE Tiger Airways Australia Australia TT
NIKI Austria HG NLY Tigerair Australia Australia TT
Nok Air Thailand DD NOK Tigerair Philippines Philippines DG SRQ
NokScoot Airlines Co Ltd Thailand XW NCT Tigerair Singapore Singapore TR TGW
Norwegian Ireland, Republic of D8 IBK Tigerair Taiwan Co. Ltd Chinese Taipei IT TTW
Norwegian Norway D8 IBK Transavia.com Netherlands HV TRA
Norwegian Air Shuttle Norway DY NAX Transavia.com France France TO TVF
Nouvelair Tunisia BJ LBT Trujet India TRJ
OceanAir Brazil O6 ONE Urumqi Airlines China UQ CUH
Olympic Airlines Greece OP PPL V Air Corporation Chinese Taipei ZV VAX
Onur Air Turkey 8Q OHY Valuair Singapore VF VLU
Overland Airways Nigeria OJ Vanilla Air Japan JW
Peach Aviation Limited Japan MM APJ Varig Brazil RG RJD
Pegasus Airlines Turkey PC PGT VARIG-gol Airlines Brazil G3 GLO
Pobeda Russian Federation DP PBD Velvet Sky South Africa VZ TVJ
Regional Air Lines Morocco FN ViaAir USA VC SRY
Rio-Sul Servicos Aereos Regionais Brazil SL VietJet Air Viet Nam VJ VJC
Rotana Jet Aviation United Arab Emirates RG RJD Virgin America USA VX VRD
Ryanair Ireland, Republic of FR RYR Vision Airlines USA V2
Scoot Singapore TZ SCO Vision Airlines Peoplexpress USA V2 RBY
Sky Express Russian Federation XW Vivaaerobus Mexico VB VIV
Sky Regional Airlines, Inc Canada RS SKV VivaColombia Colombia FC VVC
SkyEurope Slovakia NE NMA VivaColombia Colombia VVC
SkyGreece Airlines Greece GW SGR Volaris Mexico Y4 VOI
Skymark Airlines Japan BC SKY Vueling Airlines Spain VY VLG
Skynet Asia Awys Japan LQ SNJ Westjet Canada WS WJA
Skystar Airways Thailand XT IDX Wings Air Indonesia IW WON
Skyway Airlines Midwest Connect USA AL ALD Wizz Air Hungary W6 WZZ
Skywise Airline South Africa C9 SWZ Wizz Air Ukraine Ukraine WU WAU
SmartWings Czech Republic QS TVS WOW Air Iceland WW WOW
Solaseed Japan 6J WOW Air United Kingdom WW WOW
Somon Air Tajikistan 4J FDK Zimbabwe Airlink Zimbabwe YZ ALY
Southwest Airlines USA WN SWA
Code Code
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